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AMENDMENTS TO THE SPECIFICATIOIN 
BACKGROUND OF THE INVENTION 

Technical F kl4L Field of the Invention 

The present invention relates to mobile communications, and more particularly, to a 
mobile communication apparatus including multi-antenna base station and mobile stations, 
which maximizes throughput in a multi-user communication environment based on high-speed 
downlink wireless packet access, and a mobile conraiunication method therefor. 
Background Art 

2. Description of the Related Art 

Various technologies are used to maximize throughput in mobile communications. As 

such, logical improvements using new wireless access and physical improvements using, for 
example, multiple antennas, have attracted more attention than other methods. 

First, as an example of a new wireless access based logical improvement method, next- 
generation mobile conmiunication system standardization associations have proposed in recent 
years new standard packet access technologies enabling high-speed packet transmissioii via 
downlinks. The 3"* Generation Partnership Project (3 GPP), an asynchronous standardization 
association led by Europe and Japan, works for the standardization of high-speed downlink 
packet access (HSDPA) technology, and the 3GPP2, a synchronous standardization association 
led by the U.S. works for the standardization of Ix Evolution Data OnlyA^oice (IxEV-DOA^) 
technology. The HSDPA and IxEV-DO/V technologies suitable for web-based Internet services 
are based on high-speed downlink packet access for wireless packet transmission. Since high- 
speed downlink packet access is optimized for peak throughput as well as average throughput, it 
can achieve peak throughput in an intermittent wireless packet transmission environment. The 
implementation of such a high-speed downlink packet access technology basically requires an 
adaptive modulation & coding (AMC) technology, a hybrid automatic request (HARQ) 
technology, and a multi-user diversity scheduling technology. Basic technologies for downlink 
packet access are described in the 3 GPP specification, ^a^European IMT-2000 standard 
available at www.3gpp.orfi , the 3GPP2 specification available at wv\w.3fipp2.orfi , and the article 
"CDMA/HDR: A Bandwidth Efficient High Speed Wireless Data Service for Nomadic Users" 

by P. Bender, P. Black, M. Grob, R, PadovanU N. Sindhushayana, and A. ViterbU IEEE 
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Communications, Vol. 38(7), 70-78, July, 2000. 

Second, imlike the wireless access improvement method enabUng the efficient use of 
bandwidths within a given range, a physical improvement method using multiple antennas 
increases bandwidth resources using more spatial resources to maximize throughput. Recently, 
Lucent Technologies verified through intensive research into BLAST (Bell Labs LAyered Space 
Time) demonstrated that the bandwidth is increased min(N,M) times when using N base station 
antennas and M mobile station antennas compared to when using a single base station anteima 
and a single mobile station antenna. Here, min(N,M) means the minimum of N and M. This 
research ensured the effectiveness of using multiple antennas for peak throughput. The principle 
of increasing the channel capacity using multiples antennas in a base station and mobile stations 
can be explained based on a matrix rank criterion. The number of paths is determined by the 
rank characteristic of the matrix H of chaimel downlink characteristics of multiple base station 
and mobile station antennas. A rich scatter environment for mobile commxmications can be 
created by a number of uncritical obstacles. In such a rich scatter communication environment, 
the theoretical maximum capacity C^ax of a multi-anterma communication system including a 
base station and a single mobile station is expressed as equation (1) below based on Shannon's 
chaimel capacity bound principle. 

= log3det[l+^ H^PH] ...(1) 

where I denotes an identity matrix, P denotes a diagonal matrix of power allocation parameters, 
and a] denotes the variance of noise. Shannon's channel capacity boimd principle and Lucent's 
BLAST technology are described in the article entitled "On Limits of Wireless Commimications 
in a Fading Environment When Using Multiple Antennas," by GJFoschini and MJ, Gans, 
Wireless Personal Communications, Vol. 6, pp. 31 1-335, August 1998. 

In particular, Lucent's BLAST technology provides maximum channel capacity based on 
equation (1) in an environment where one base station corresponds to one mobile station. Since 
the BLAST technology does not require channel information feedback, problems such as delay 
or erroneous fed-back do not arise. However, in a multi-anterma system based on Lucent's 
BLAST technology, in which data is transmitted via only one chaimel between the base station 
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and a mobile station, and no channel information is fed back, it is impossible to apply a nulling 
method, which forms a principle of multi-anteima systems, and to achieve peak throughput in a 
multi-user, multi-anterma system environment. In addition, there is a structural Umitation in that 
more mobile station antennas than base station antennas are required. The concept of the nulling 
principle for multi-anterma systems is described in the article entitled "Applications of Anteima 
Arrays to Mobile Communications, Part I: Performance Improvement, Feasibility, and System 
Considerations," by LAL C. GODARA, Proceedings of the IEEE, Vol. 85, No. 7, 1031-1097, 
July 1997 (refer to D. Null Beamforming on page 1041). 

In the above-described physical improvement method using multiple antennas, channel 
information cannot be fed back to achieve peak throughput in a low-speed Doppler environment 
including low-speed mobile stations, in which chamiel switching rarely occws, or in a high- 
power envirormient ensuring minimal chaimel feedback errors. The problem of lower throughput 
is considered to be more serious because information fed back from a plurality of mobile stations 
cannot be simultaneously considered. 

To solve the problem of the above-described method that information fed back from a 
plurality of mobile stations caimot be simultaneously interpreted, there are required the following 
considerations: (1) separating chamiel investigation and tracking sections for adaptation to a high- 
speed Doppler chaimel enviroiunent, (2) how to handle a plurality of mobile stations having xmfair 
packets, (3) quantization using spatial weighting factors for efficient chaimel information 
measurement, and (4) compatibility with existing standards. However, it has never been considered 
so far to generate channel information based on the currently available weight information and 
channel status information, rather using new chaimel information, to achieve maximum channel 
throughput. 

Disclosure of the Invention 

SUMMARY OF THE INVENTION 
The present invention provides a mobile communication apparatus including a base 
station with at least two base station antennas and at least two mobile stations each of which has 
at least one antenna. In the mobile communication apparatus, the downlink characteristics of 
spatial channels between the base station and at least two mobile stations are considered with 
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respect to every mobile station, thereby solving a problem of delay in optimal beamforming by 
the base station antenna and in multi-stream data transmission. In addition, according to the 
present invention, user fairness in data transmission is also considered, and chaimel information 
is measured in an easier way, ensuring the nominal throughput for multi-user, multi-antenna 
systems. 

The present invention also provides a mobile communication method performed in the 
above mobile conmiimication apparatus that include multiple base station and mobile station 
antennas. 

In an aspect of the present invention, there is provided a mobile communication apparatus 
with multiple base station/mobile station antennas, the apparatus including a base station and at 
least two mobile stations, comprising: the base station restoring weight information and channel 
status information from feedback signals received from the mobile stations, determining 
downlink investigation information that resuUs in maximmn transmission chaimel capacity based 
on the restored weight information and channel status information, selecting mobile stations for 
simultaneous transmission from among all of the mobile stations based on the downlink 
investigation information, and processing data to be transmitted to the selected mobile stations 
based on the downlink investigation information, wherein the base station includes at least two 
base station antennas and each of the mobile stations includes at least one mobile station antenna. 

In another aspect of the present invention, there is provided a mobile communication 
apparatus with multiple base station/mobile station antennas, the apparatus including a base 
station and at least two mobile stations, comprising: the base station restoring weight information 
and channel status information from feedback signals received from the mobile stations, 
determining downlink investigation information that results in maximum transmission channel 
capacity based on the restored weight information and channel status information, selecting 
mobile stations for simultaneous transmission from among all of the mobile stations based on the 
downlink investigation information, determining downlink tracking information based on the 
channel downlink investigation information and restored weight information and channel status 
information regarding the selected mobile stations, and processing data to be transmitted to the 
selected mobile stations based on the downlink tracking information, wherein the base station 
includes at least two base station antennas and each of the mobile stations includes at least one 
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mobile station antenna. 

In another aspect of the present invention, there is provided a method of mobile 
communications between a base station and at least two mobile stations, wherein the base station 
includes at least two base station antennas, and each of the mobile stations includes at least one 
mobile station antenna, the method comprising (a) the base station restoring weight information 
and channel status information from feedback signals received from the mobile stations, 
determining downlink investigation information that results in maximum transmission channel 
capacity based on the restored weight information and channel status information, selecting 
mobile stations for simultaneous transmission from among all of the mobile stations based on the 
downlink investigation information, and processing data to be transmitted to the selected mobile 
stations based on the downlink investigation information. 

In another aspect of the present invention, there is provided a method of mobile 
communications between a base station and at least two mobile stations, wherein the base station 
includes at least two base station antennas, and each of the mobile stations includes at least one 
mobile station antenna, the method comprising (a) the base station restoring weight information 
and channel status information from feedback signals received from the mobile stations, 
determining downlink investigation information that results in maximum transmission channel 
capacity based on the restored weight information and channel status information, selecting 
mobile stations for simultaneous transmission from among all of the mobile stations based on the 
downhnk investigation information, determining downlink tracking information based on the 
channel downlink investigation information and restored weight information and channel status 
information regarding the selected mobile stations, and processing data to be transmitted to the 
selected mobile stations based on the downlink tracking information. 

The method fiirther comprises (b) each of the mobile stations measuring downlink 
characteristics of multiple base station/mobile station antenna channels based on pilot chaimel 
signals transmitted from the base station, determining the weight information and chaimel status 
information based on the downlink characteristics, converting the determined weight information 
and chaimel status information into the feedback signals, transmitting the feedback signals to the 
base station, and detecting high-speed downlink shared channel (HS-DSCH) signals in units of a 
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frame based on the downlink characteristics, and a first control signal and data signals, which are 
transmitted from the base station. 

Brief Description of the Drawing s 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present invention will become more 
apparent by describing in detail exemplary embodiments thereof with reference to the attached 
drawings in which: 

FIG. 1 is a block diagram of a mobile communication apparatus according to-an 
embodiment of J he present invention; 

FIG. 2 is a flowchart of a mobile communication method according to an embodiment of 
the present invention performed in the mobile communication apparatus in FIG. 1; 

FIG. 3 is a flowchart of an embodiment of step 21 in FIG. 2 according to the present 
invention; 

FIG. 4 is a block diagram of an embodiment of a first, second, . . ., or K* mobile station in 
FIG. 1 according to the present invention; 

FIG. 5 is a flowchart of an embodiment of step 23 in FIG. 2 according to the present 
invention; 

FIG. 6 is a block diagram o f an embodiment of a base station in FIG. 1; 
FIG. 7 is a flowchart o f an embodiment of step 52 in FIG. 5 according to the present 
invention; 

FIG. 8 is a block diagram of an embodiment of a downlink investigation information 

generation unit in FIG. 6 according to the present invention; 

FIG. 9 is a flowchart o f an embodiment of step 53 in FIG. 5; and 

FIG. 10 is a block diagram o f an embodiment of a downlink tracking information 

generation unit in FIG. 6. 

Best mode for carrying out the Invention 

DETAILED DESCRIPTION OF AN EXEMPLARY EMBODIMENT 
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The structure and operation of a mobile communication apparatus that utilizes multiple 
base station and mobile station antennas, and a mobile commimication method therefor 
according to the present mvention will be described in detail with reference to the appended 
drawings. 

As shown in FIG. 1, which is a block diagram of a mobile communication apparatus 
according to an embodiment of the present invention, the mobile communication apparatus 
includes a base station 1 1, a first mobile station 13, a second mobile station 15 , an d through a 
K*^ mobile station 17. Each of the K mobile stations, where K is an integer of 2 or greater, 
performs the same function. According to the present invention, the number of mobile station 
antennas, M(kJ, in each of the mobile stations 13 through 17 may be greater than 1 and smaller 
than the number of base station antennas, B, in the base station 111, i.e., 1 M(kJ < B. The 
number of mobile station antennas M(kJ may be greater than or equal to the number of base 
station antennas B, i.e., M(kJ B. M(kJ is a positive integer that is greater than or equal to 1, B is 
a positive integer that is greater than or equal to 2, and k^ denotes mobile station's ID number, 
where 1 k^ K. 

FIG. 2 is a flowchart illustrating a mobile communication method according to an 
embodiment of the present invention performed in the mobile communication apparatus in FIG. 
1 . The mobile communication method includes determining and transmitting weight information 
and channel status information and detecting high-speed downlink shared channel (HS-DSCH) 
signals (step 21) and adding pilot channel (PICH) signals to data signals generated based on the 
weight information and chaimel status information restored from feedback signals and 
transmitting the added results (step 23). 

Step 23 in FIG. 2 that is performed in the base station 1 1 will now be described prior to a 
description on step 21. 

The base station 1 1 restores the weight information and channel status information 
determined in each of the first through mobile stations 13 through 17 from the feedback 
signals received from each of the first through mobile stations 13 through 17 based on the 
channel downlink characteristics of the multiple base station and mobile station antennas 
(hereinafter, referred to as first characteristics H(A:J , where H(kJ is a matrix with 1 k^ K). 

Hereinafter, capital bold letters indicate matrices, small bold letters indicate vectors, and non- 
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bold symbols indicate scalars. The base station 1 1 also generates downlink investigation 
information that ensures maximum throughput based on the restored weight information and 
channel status information regarding each of the mobile stations. The maximum throughput may 
be calculated in consideration of transmission packet faimess information. The base station 1 1 
selects data regarding mobile stations for simultaneous transmission from among data regarding 
all of the mobile stations based on the generated downUnk investigation information. The base 
station 1 1 generates downlink tracking information appropriate to instant chaimel situations 
based on feedback signals received from the mobile stations selected for simultaneous 
transmission. The base station 1 1 matrix-multiplies the data regarding the selected mobile 
stations by the downlink tracking information that is mutual weight information, adds mobile 
station selection information and pilot chaimel signals PICHi to the products (also referred to as 
data signals) of the multiplication, and transmits the added results to the first through mobile 
stations 13 through 17 in units of a frame. 

The downlink investigation information includes mobile station selection information 
described later, i.e., information regarding mobile stations to which data will be concurrently 
transmitted. The first characteristics H(kJ means the phase and magnitude of channels through 
which data are transmitted from the base station 1 1 to arbitrary mobile stations 13 , 15, or 
through 17. The first characteristics H(k^) that is a matrix consisted of base station antennal 
channels in columns and mobile station antenna chaimels in rows. In other words, the column 
components of the first characteristics matrix H(k^ ) are derived from the space formed by the 
base station antennas, and the row components thereof are derived from the space formed by the 
mobile station antenna. The pilot channel signals PICHj may be common pilot channel (CPICH) 
signals, dedicated common pilot channel (DCPICH) signals, secondary common pilot channel 
(SCPICH) signals, etc. 

In another embodiment of the base station 11, instead of generating the downhnk tracking 
information, mutual weight information contained in the downlink investigation information may 
be matrix-multiplied by the data regarding the selected mobile stations. 

The first through mobile stations 13 through 17 may be implemented in any structure 
provided that they ensures the base station 1 1 to perform the above operations and that they can 
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determine the weight information and channel status information based on the first 
characteristics H{kJ . Step 21 in FIG. 2 performed in the first through K* mobile stations 13 
through 17 will now be described. 

Each of the first through mobile stations 13 through 17 measures the first 
characteristics H(k^ ) based on the PICH signals transmitted fi-om the base station 1 1 and 
determines based on the measured first characteristics H{k^ ) the weight information and 
channel status information that ensure peak throughout to each of the channels connecting the 
base station and mobile station antennas. Each of the first through mobile stations 13 through 
17 converts the determined weight information and channel status information into feedback 
signals and transmits them to the base station 11. Each of the first through K* mobile stations 13 
through 17 generates a high-speed downlink shared channel (HS-DSCH) signal in units of a 
fi-ame based on the first characteristics H(A:„) , and a first control signal and data signals, which 
are received firom the base station 1 1 . 

Each of the first through K* mobile stations 13 through 17 analyses the first control 
signal received through the mobile station antennas to determine whether a signal transmitted 
firom the base station 1 1 is correctly addressed thereto. The HS-DSCH signal reflects the second 
and third characteristics of chaimels. The second characteristics imply that the transmission of 
data through a channel is completed without requiring channel switching because the length of a 
data fi-ame, i.e., the unit of data transmission, is much shorter than the coherence time of a 
general Doppler channel. The third characteristics are related to the non-continuous, burst 
transmission of data through a channel commonly owned by all of the mobile stations 13 through 
17 belonging to the base station 11. 

For the convenience of understanding the present invention, embodiments of the first, 
secondr^TTT ^ throuRh K* mobile station 13 , 15, o r through 17 in FIG. 1 and step 21 will be 
described first, followed by descriptions on embodiments of the base station 1 1 and step 23. 

FIG. 3 is a flowchart illustrating an embodiment of step 21 in FIG. 2 according to the 
present invention, which includes transmitting the weight information and channel status 
information determined based on the first characteristics H(^) to the base station 1 1 (steps 31 
through 33) and selecting and combining desired data information fi-om among data information 
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restored based on the data signals transmitted from the base station 1 1 (steps 34 through 37). 

FIG. 4 is a block diagram of an embodiment of the firs t, second o r through K* 

mobile station 13 , 15 through 17 in FIG. 1, which includes an antenna array 41, a channel 

characteristics measurement unit 42, a channel information determination unit 43, an information 
feedback unit 44, a control information restoration unit 45, a data information restoration unit 46, 
a data information selection unit 47, and a data information combination imit 48. 

The operation of the first, second^r-rrrr ^ through mobile station 13 , 15, .... o r through 
17 having the stmcture of FIG. 4 will be described in connection with the flowchart of FIG. 3. 

In particular, the antenna array 41 in FIG. 4 includes M(kJ mobile antennas 41 a, ^Ib, 
afi d through 41c. The antenna array 41 receives the PICH signals, the data signals, and the first 
control signal transmitted from the base station 11. The channel characteristics measurement 
unit 42 measures the first characteristics H(k^ ) based on the PICH signals received via the 
antenna array 41 from the base station 1 1 and outputs the measured first characteristics H(k^ ) to 
the channel information determination unit 43, the control information restoration imit 45, and 
the data information restoration unit 46 (step 31). 

The channel information determination unit 43 determines the weight information V(^J 
and channel status information A(/:„) that maximize throughput based on the first 
characteristics H(^„ ) , which have been compressed to be fed back, and outputs the determined 
weight information V(/:J and channel status information A(kJ to the information feedback 
unit 44 (step 32). The weight information V(A:„) and channel status information A(A:J are 
determined by decomposing the first characteristics H(A:„)into U(A:„)A(A:„)V^(A:„) using a 
singular value decomposition method. 

NB(ku) is smaller than or equal to B and grater than or equal to 1, and the number of 
vectors and the nimiber of gain values in a basis matrix are both smaller than or equal to B. This 
is conceptually the same as when some gain values become null (=^0)-depending on the first 
characteristics H(^^) , which are the downlink channel characteristics of the base station/mobile 
station antennas. In both the cases, the number of vectors in the basis matrix and the number of 
gain values may be expressed as NB(kJ. 
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The information feedback unit 44 converts the weight information V(^„ ) and channel 
status information A(A:„) received from the channel information determination unit 43 into 
feedback signals that are suitable to be fed back to the base station 1 1 using a general 
communication signal processing technique and transmits the converted feedback signals via the 
mobile station antenna array 41 to the base station 1 1 (step 33). To perform step 33, the 
information feedback unit 44 may format the weight information V(A:J and channel status 
information A(A:J received from the channel information determination unit 43, time-division- 
multiplex the formatted results, and transmit the time-division-multiplexed results as the 
feedback signals via the mobile station antenna array 41 to the base station 11. Altematively, the 
information feedback unit 44 may apply code division multiplexing or frequency division 
multiplexing, instead of time division multiplexing, to the formatted weight information V(A:J 
and channel status information A(kJ to generate the feedback signals. 

The control information restoration unit 45 compensates for a distortion of the first 
control signal, which has been received through the mobile station antenna array 41 from the 
base station 1 1, using the first characteristics H(k^ ) input from the channel characteristics 
measurement unit 42, restores a second control signal from the distortion-compensated first 
control signal, and outputs the restored second control signal to the data information selection 
unit 80 (step 34). The second control signal includes information as to whether the data signals 
received by the mobile station are assigned thereto and information on a basis from which the 
mobile station receives the data signals. The second control signal may be restored from the first 
control signal using a general multi-antennal signal process, which will be also used in step 35 
described later. 

The data information restoration unit 46 restores data information that is received from all 
bases from the data signals received through the mobile station antenna array 41 from the base 
station 1 1 and the first characteristics H(/rJ input from the channel characteristics measurement 
unit 42 and outputs the restored data information to the data information selection unit 47 (step 
35). The data signals received from the base station 1 1 are expressed as r(k) in equation (2) 
below and can be modelled using equation (3) below. 
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r(k)=[r(hk) r(2,k) ... r(N,k)Y 



...(2) 



where r(w,A:) denotes a data signal received via an n*^ antenna of the K*^ mobile station. 



where n(k) denotes a noise component, and U(A:)A(A:)V^(i) is the result of singular value 
decomposition (SVD), which is a general matrix operation, on the first characteristics H(A:„) , 
and X is modelled as in equation (4) below. SVD in multi-antenna systems is described in an 
article entitled "Fading Correlation and Its effect on the Capacity of Multielement Antenna 
Systems" by Da-Shan Shiu, Gerard J, Foschini, Michael 1 Gans, and Josep M. Kahn, IEEE 
Transactions on Comm. Vol. 48, No. 3, 502-513, March 2003. 



where W is an optimal basis matrix generated in the base station 1 1 and d denotes data 
information. 

Referring back to FIGS. 3 and 4, the data information selection unit 47 selects data 
information which is received fi-om a desired basis among the data information fi-om every basis, 
which is received firom the data information restoration unit 46, in response to the second control 
signal, and outputs N^(k) data information values received firom the desired basis, where 
0 < N^{i)<N, to the data information combination unit 48 (step 36). 

The data information combination unit 48 combines the selected data information values 
output from the data information selection unit 47 over a predetermined period of time T^^ock 
that corresponds to the length of a frame, and outputs the combined result as a high-speed 
downlink shared channel signal HS-DSCH(i)' of the corresponding mobile station (step 37). 

Unlike the embodiment of _ step 21 illustrated in FIG. 3, steps 34 and 37 may be 
performed while steps 32 and 33 are performed. Ahematively, steps 34 through 37 may precede 



r(k) = H(k)x-^n{k) = U(it)A(ii:)V"(A:)x+n(^; 



...(3) 



x= Wd 



...(4) 
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steps 32 and 33. 

Embodiments O perations o f the base station 1 1 in FIG. 1 and step 23 in FIG. 2 according 
to the present invention will now be described with reference to FIGS. 5 and 6. 

FIG. 5 is a flowchart illustrating an embodiment of step 23 in FIG. 2 according to the 
present invention, which includes generating the downlink investigation information and 
downlink tracking information based on the restored weight information and channel status 
information (steps 51 through 53), selecting data regarding desired mobile stations (step 54), 
processing the selected data based on the downhnk tracking information to generate data signals 
(step 55), and adding mobile station selection information contained in the downlink 
investigation information, and pilot channel signals to the data signals and transmitting the added 
results to the corresponding mobile station (step 56). 

In another embodiment of step 23, step 53 may be not performed. In other words, step 23 
may include generating the downlink investigation information based on the restored weight 
information and channel status information (steps 51 and 52), selecting data regarding desired 
mobile stations (step 54), processing the selected data based on the mutual weight information 
contained in the downlink investigation information to generate data signals (step 55), adding 
mobile station selection information contained in the downlink investigation information, and 
pilot channel signals to the data signals, and transmitting the added results to the corresponding 
mobile station (step 56). 

I n another embodiment of step 23 in FIG. 25, when generating the downlink 
investigation information in step 52 in each of the above embodiments, mobile station fairness 
information, i.e., packet fairness information between mobile stations, may be further considered. 

FIG. 6 is a block diagram of an embodiment operation of the base station 11 in FIG. 1 
according to the present invention. As illustrated in FIG. 6, the base station 1 1 may include an 
antenna array 61, a feedback information restoration unit 62, a decomposition unit 63, a mobile 
station fairness control unit 64, a downlink investigation information generation unit 65, a 
downlink tracking information generation unit 66, a mobile station data selection imit 67, a basis 
multipUcation imit 68, and an addition unit 69. The mobile station fairness control unit 64 is 
optional. 

The operation of the base station 1 1 in FIG. 6 will be described in connection with the 
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flowchart of FIG. 5. 

In FIG. 6, the antenna array 61 includes N base station antennas 61 a, 61b, and 
through 61c. The antenna array 61 receives the feedback signals contained in uplink dedicated 
physical control channel signals (HS-DPCCH) that are transmitted from the first through K*^ 
mobile stations 13 through 17 and transmits the results of adding the mobile station selection 
information and pilot channel signals to data signals, which are spatially processed HS-DSCH 
signals, to the first through K* mobile stations 13 through 17. 

The feedback information restoration unit 62 restores the weight information V(A:„ ) and 
channel status information A(A:J from the feedback signals received through the base station 
antenna array 61 from the first through mobile stations 13 through 17 and outputs the restored 
weight information V(A:J and channel status information A{kJ to the decomposition unit 63. 

The decomposition unit 63 decomposes the weight information V(A:„) and channel status 
information A(A:„) , which are matrices, into weight vectors v(^) and channel status vectors 
■ (k) and outputs the decomposed weight vectors \(k) and channel status vectors ' (k) to the 
downUnk investigation information generation unit 65 and the downlink tracking information 
generation unit 66 (step 51). The restored weight vectors V (k^ ) for the individual mobile 
stations are expressed as V(A:„) = {v, , V2, v^}, and the restored channel status information 

A(^J for the individual mobile stations are expressed as ' = { ' p "2. ' k) • 

In a case where the information feedback unit 44 in FIG. 4 has generated the feedback 

signals using time division multiplexing, the feedback information restoration unit 62 restores 
the weight information V(A:„) and channel status information A(A:„) using time division 
demultiplexing. In a case where the information feedback unit 44 has generated the feedback 
signals using code division multiplexing or frequency division multiplexing, instead of time 
division multiplexing, the feedback information restoration unit 62 restores the weight 
information V(A:J and channel status information A(^J using code division demultiplexing or 
frequency division demultiplexing. 

The mobile station fairness control unit 64 generates mobile station fairness information 
{tj^} regarding the individual mobile stations and outputs the mobile station fairness information 
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{tj^} to the downlink investigation information generation unit 65. The mobile station fairness 
information {t^ } may be generated in consideration of maximimi transmission channel capacity 
Cmax- The mobile station fairness information {tj^} consists of packet fairness information 
regarding each of the mobile stations, which is expressed as {t^} = { t,, tj, t^} . A technique 
of generating the mobile station fairness information {tj^} is disclosed by Paramod Viswanath, 
David K C Tse, and Rajiv Laroia in an article entitled "Opportunistic Beamforming Using 
Dumb Antennas", IEEE Transactions on Information Theory, Vol. 48, No. 6, page 1277-1294. 

In an investigation section prior to packet transmission to the mobile stations, the 
downlink investigation information generation unit 65 generates downlink investigation 
information based on the restored weight vectors \{k) and chaimel status vectors \k) input 
from the feedback information restoration unit 62 and the mobile station fairness information 
{t^ } input from the mobile station fairness control unit 62, and outputs maximum index 
information ij^^, which is mobile station selection information contained in the downlink 
investigation information, to the downlink tracking information generation xmit 66, the mobile 
station data selection unit 67, and the addition unit 69 (step 52). The maximum index 
information iwAx consists of iT,cpp(lV4a ^(2), and through i„spp(NR). The maximum 
transmission channel capacity information C^ax contained in the downlink investigation 
information is provided to the mobile station faimess control imit 64. 

In a tracking section for packet transmission to the mobile stations, the downlink tracking 
information generation unit 66 generates mutual weight information W based on the restored 
weight vectors and channel status vectors input from the feedback information restoration unit 62 
and the maximum index information if^^x' which is mobile station selection information 
contained in the downUnk investigation information, input from the downlink investigation 
information generation unit 65, and outputs the generated mutual weight information W to the 
basis multiplication unit 68 (step 53). 

The mobile station data selection unit 67 selects packet channels connected to the mobile 
stations selected for data transmission, from among the packet channels HS-DSCH(k) for all of 
the mobile stations, in response to the maximum index information ij^^ that is mobile station 
selection information input from the downlink investigation information generation xmit 65, and 
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outputs the packet channels connected to the selected mobile stations to the basis multiplication 
unit 68 (step 54). 

The basis multiplication unit 68 perfomis matrix-multiplication operation on a set of 
mutual weight information {W} output from the downlink tracking information generation unit 
66 and data regarding N mobile stations selected by the mobile station data selection unit 67 and 
outputs the results of the matrix-muhiplication to the addition unit 69 as data signals (step 55). 
Matrix-muhiplication includes multiplying the mutual weight information W by the data 
regarding N mobile stations selected by the mobile station data selection unit 67 and summing all 
of the products. 

The addition unit 69 adds extemally input pilot channel signals PICHi , PICHa, and 
through PICHn to the data signals input from the basis multiplication unit 68 and outputs the 
added resuhs to the base station anteima array 61 (step 56). To this end, the addition unit 69 is 
implemented with first through adders (not shown). An adder (not shown) adds a pilot 
channel signal PICH„ to a data signal input from the basis multiplication unit 68 and outputs the 

added result to a corresponding antenna 61 a, 61b o r through 61c in the base station antenna 

array 61 . The added resuU input to the base station antenna array 61 from the addition unit 69 is 
transmitted to the mobile stations 13 through 17 in units of a frame. 

In another embodiment of the base station 1 1, the downlink tracking information 
generation unit 66 described above may be excluded. In this case, in an investigation section 
prior to packet transmission to the mobile stations, the downlink investigation information 
generation unit 65 generates downlink investigation information based on the restored weight 
vectors \{k) and channel status vectors ' (k) input from the feedback information restoration 
unit 62 and the mobile station faimess information {tj^} input from the mobile station faimess 
control unit 62. The maximum index information /^ax* which is mobile station selection 
information contained in the downlink investigation information, is output to the mobile station 
data selection unit 67 and the addition xmit 69. The maximum transmission channel capacity 
information Cmax contained in the downlink investigation inforaiation is output to the mobile 
station faimess control unit 64. The mutual weight information Wmax contained downlink 
investigation information is output to the basis multiplication unit 68. As in the preceding 
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embodiment, the mobile station fairness control unit 64 is optional. 

Embodiments O perations o f Step 52 in FIG. 5 and the downlink investigation 
information generation unit 65 in FIG. 6 according to the present invention will be described 
with reference to FIGS. 7 and 8. 

FIG. 7 is a flowchart illustrating an embodiment operation of step 52 in FIG. 5, which 
includes generating downlink investigation information based on the restored weight information 
and chaimel status information and the mobile station faimess information (steps 71 through 79). 
In another embodiment, the downlink investigation information may be generated based on only 
the restored weight information and channel status information. 

FIG. 8 is a block diagram illustrating the structure of the downlink investigation 
information generation unit 65 of FIG. 6 according to an embodiment of the present invention, 
which includes a multipUcation portion 810, a sub-part combination portion 820, a mutual 
weight information generation portion 830, a channel capacity calculation portion 840, a storage 
portion 850, an index setting portion 860, and a maximum values search portion 870. The sub- 
part combination portion 820 may be implemented with a channel information sub-part 
combination portion 820 and a mobile station faimess information sub-part combination portion 
822. Ahematively, the sub-part combination portion 820 may be implemented with the channel 
information sub-part combination portion 820 alone. The index setting portion 860 may be 
implemented with a delay 861 and a counter 862. 

The operation of the downhnk investigation information generation unit 65 in FIG. 8 will 
be described with reference to the flowchart in FIG. 7. 

The multiplication portion 810 multiplies the weight information vector {v(A:)} by the 
channel status information vector {h{k)} , as expressed in equation (5), and outputs the product 
{h^} to the channel information sub-part combination portion 821 of the sub-part combination 
unit 820 (step 71). If the available channel capacity (log2(l + A(^))/fjt ) of amobile station, 
which is a ratio of the channel capacity (log2(l + A(A:)) ) converted from the corresponding 
channel status information vector A(^) to the corresponding mobile station faimess information 

, is smaller than a predetermined threshold value, data transmission to the mobile station is 
improbable. Therefore, it is unnecessary to perform multiplication itself for such mobile 
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stations. 

h, =A(/r)*v(^) ...(5) 

The counter 862 in the index setting portion 860 increases the index (i) one by one, 
wherein the index (i) is initialized to 1 (step 72). The index (i) indicates the number of all 
possible combinations of the first through K**" mobile stations 13 through 17. The maximum 
value of the index (i) is ^ C^^^f^ j^^ . 

The channel information sub-part combination portion 821 of the sub-part combination 
unit 820 combines the product {h^} output fi-om the multiplication portion 810 into sub-parts as 
expressed in equation (6) with reference to the index (i) provided by the counter 861 and outputs 
the combined result to the mutual weight information generation unit 830. The mobile station 
faimess information sub-part combination portion 822 combines the mobility station fairness 
information {/^} into sub-parts for the individual mobile stations as expressed in equation (7) 
and outputs the combined result to the channel capacity calculation unit 840 (step 73). 

H, = [h,^,) h,^,) ... h,,,^,] , kin,) e {1, 2, K} ...(6) 

T, = U,o) - hiN,)] > Kris) € {1, 2, K} ,..(7) 

The mutual weight information generation unit 830 generates the float point mutual 
weight information W based on the combined resuh received fi^om the channel information 
sub-part combination portion 821 using equation (8) and outputs the generated mutual weight 
information W to the channel capacity calculation portion 840 (step 74). To make it easier to 
measure the channel information, the mutual weight information W may be quantized to a 
degree that is suitable to be fed back and then output to the channel capacity calculation portion 
840. 
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W = Hf(H,Hf +^o/^*r -(8) 



The channel capacity calculation portion 840 calculates the transmission channel capacity 
C based on the result of combining the channel information, , and the result of combining the 
mobile station fairness information, , which are received from the sub-part combination unit 
820, and the mutual weight information W received from the mutual weight information 
generation portion 830 using equation (9) below, and outputs the calculated transmission channel 
capacity C to the storage portion 850 (step 75). 



A 1 



1+ 



(9) 



where W= [WpW2, w^J. 

Alternatively, the mobile station fairness information may be not considered by 
substituting the term t^^ in equation (9) with iunity. 

The storage portion 850 stores the transmission channel capacity C output from the 
channel capacity calculation portion 840, the mutual weight information W output from the 
mutual weight information generation unit 830, and the index (i) output from the counter 862 till 

min(A:.A^) 

the index (i) input from the coxmter 862 is not greater than ^ ^ (step 76). 

The storage portion 850 determines whether the index (i) received from the counter 862 is 
greater than ^ ^ (step 77). If the currently received index (i) is determined to be greater 

than ^ K^ns ^ the storage portion 850 outputs a set of the indices {/} from the first index, i.e., 

4 -unity, to the last index just preceding the current received index (i), the transmission channel 
capacity {C} , and the mutual weight information {W} to the maximum values search portion 
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870. The storage portion 850 outputs to the delay 861 a signal that instructs the counter 862 to 
increase the index (i) by one. The delay 861 delays the instruction signal for a predetermined 
clock period and outputs the delayed instruction signal to the counter 862. 

The counter 862 increases the index (i) by one in response to the index increasing signal 
and outputs the increased index to the sub-part combination unit 820 and the storage portion 850 
(step 78). 

imniK,N) 

If the index (i) received from the counter 862 is greater than X ' maximum 

values search unit 870 searches input data values i^Ax^ C^ax? ^nd Wj^^ that resuh in maximum 
transmission channel capacity C in response to the input index {i} among the calculated 
transmission channel capacities for all possible combinations of the first through K* mobile 
stations 13 through 17 and outputs the searched input data values i^Ax. C^ax. and W^^ (step 79). 
The maximum index value ij^Ax that is a kind of mobile station selection information output 
from the maximum values search unit 870 is output to the downlink tracking information 
generation unit 65, the mobile station data selection unit 66, and the addition unit 68. Also, the 
maximum transmission channel capacity C^ax the mutual weight information are 
transmitted to relevant upper layers. 

Embodiments Operations of step 53 in FIG. 5 and the downlink tracking information 
generation unit 66 in FIG. 6 according to the present invention will be described with reference 
to FIGS. 9 and 10. 

FIG. 9 is a flowchart of an embodiment operation of step 53 in FIG. 5 according to the 
present invention, which includes generating mutual weight information based on the restored 
weight vector {v(A:)} , channel status vector {K{k)} , and mobile station selection information 
Imax contained in the downlink investigation information (steps 91 through 93). 

FIG. 10 is a block diagram of an embodiment operation of the downlink tracking 
information generation unit 66 in FIG. 6 according to the present invention. The downlink 
tracking information generation imit 66 of FIG. 10 includes a channel information sub-part 
selection portion 101, a multipUcation portion 104, and a mutual weight information generation 
portion 105. The channel information sub-part selection portion 101 includes a weight 
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information sub-part selection portion 102 and a channel status information sub-part selection 
portion 103. 

The operation of the downlink tracking information generation unit 66 in FIG. 10 will 
now be described in coimection with the flowchart of FIG. 9. 

The weight information sub-part selection portion 102 and the channel status information 
sub-part selection portion 103 in the channel information sub-part selection portion 101 select 
weight information and channel status information regarding the mobile stations that match the 
maximum index ij^^x ii^P^t from the downUnk investigation information generation imit 65, from 
among the restored weight information and channel status information input from the feedback 
information restoration unit 62, respectively, and outputs the selected weight information and 
channel status information, respectively, to the multiplication portion 104 (step 91). 

The multiplication portion 104 multipUes the weight information and channel status 
information input from the channel information sub-part selection portion 101, as expressed in 
formula (5) above, and outputs the product , where k = i^Ax* ^ the mutual weight information 
generation portion 105 (step 92). 

The mutual weight information generation portion 104 generates the float point mutual 
weight information based on the product , where k = i^Ax^ i^P^t fr^^ the multiplication unit 
104 using equation (8) above and outputs the generated mutual weight information W to the 
basis multipUcation unit 68 (step 93). To make it easier to measure the channel information, the 
generated mutual weight information may be quantized to a degree that is suitable to be fed back 
prior to being output to the basis multiplication unit 67. 

Industrial Applicabili ty 

As described above, in a mobile communication apparatus using multiple base station and 
mobile station antennas and a mobile communication method used therein according to the 
present invention, downlink characteristics information transmitted from every mobile station to 
the base station is considered to achieve optimal beamforming and efficient data transmission at 
a low cost with a nominal peak throughput for multi-antennal communications. 

Chaimel weight information and channel status information regarding every mobile 
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station, which are transmitted from the mobile stations to the base station as feedback signals, are 
utilized. In addition, since chaimel investigation and tracking sections are separated in the 
present invention, so that the problem of delay in high-speed Doppler enviroimients can be 
solved. 

Furthermore, packet fairness information regarding a plurality of mobile stations is 
considered in calculating maximum transmission chaimel capacities, enabling selecting mobile 
stations for simultaneous data transmission. 

Mutual weight information generated through investigation and tracking sections is 
quantized, allowing efficient channel information measurement. Generating channel information 
based on the channel weight information and channel status information regarding each of the 
mobile stations in the present invention ensures compatibility with existing standard protocols. 

While the present invention has been particularly shown and described with reference to 
exemplary embodiments thereof, it will be understood by those of ordinary skill in the art that 
various changes in form and details may be made therein without departing from the spirit and 
scope of the present invention as defined by the following claims. 
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